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ABSTRACT

Dimocarpus longan peels, the low-cost adsorbent, was investigated of removing Pb(I1) and Cu(ll) ions from
aqueous solutions. Batch adsor ption studies were conducted to examine their optimum conditions. For adsorption of
Pb(11), the optimum pH solution, contact time and stirring speed were 5.0, 90 min and 200 rpm, respectively. Those
values for Cu(ll) ions were 4.0, 90 min and 100 rpm, respectively. Based on the correlation of determination (R),
several kinetic models were able to describe the equilibrium contact time data in the order : 2™ > 1% > Intraparticle
> Elovich. Data obtained from variation of initial concentrations were found to fit the Langmuir, Freundlich, D-R
and Temkin adsorption isotherms with R of D-R =~ Freundlich > Temkin > Langmuir. The maximum capacity for
Cu(ll) ions was 8.2175 mg/lg. Meanwhile, Pb(ll) ions fit the Linear adsorption isotherm, so that no maximum
capacity to be found.
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INTRODUCTION

Metal ions were reported as priority pollutantse da their mobility in natural water, ecosystemd #reir toxicity.
The problem associated with metal ions pollutiors Weat they were not biodegradable and were higaigistent in
the environment. Thus they could be accumulatdiViing tissues, causing various diseases and dissrdHeavy
metals toxicity could result in damage or reduceental and central nervous function and damage ¢odl
composition, lungs, kidneys, liver and other videdans [1].

It was a necessity to remove metal ions from waatewbefore it could be discharged. Many physicotbal
methods had been developed for the removal of niatal from aqueous solutions. However those metiads
disadvantages such as secondary pollution, high bagh energy input, large quantities of chemiasdgents or
poor treatment efficiency at low metal concentmatio

Biosorption had emerged as an alternative and isasile strategy for cleaning up water. Biosorptiosed
inexpensive biomaterials to sequester environmeptdlutants from aqueous solutions by a wide raofe
physicochemical mechanisms, including ion exchawte]ation, complexation, physical adsorption, andace
microprecipitation [1].In this study, the biosorption of Pb(ll) and Cu(y Dimocarpus longan peelsfrom single
and binary mixtures were investigated by batch guism.

To develop the adsorption mechanidimetic and isotherm analysis had been includted.this purpose we would

determine the optimum biosorption conditions asacfion of pH, contact time, stirring speed, iditiaetal ion
concentration and amount of biosorbent dose imitbsorption of Pb(Il) and Cu(ll) bRimocarpus longan peels.
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EXPERIMENTAL SECTION

In present works, the biosorption experiments wareducted by using stock standard solution (1000L)nof
Pb(NG,), and Cu(NQ); in 0.5 M HNG;. These solutions were purchased from Merck (GeymnaMorking standard
solutions were prepared just before used by theogpijate dilution of the stock solutions.

Peels preparation and characterization:Dimocarpus longan fruits (Fig. 1a) were collected from flea market of
Payakumbuh city. Then thefreels (Fig. 1b) were air-dried in the room for ameeks and ground using crusher
(Fritsch, Germany). After that the powder was gubagain using mortal grinding (Fritsch, Germany)eworking
powder (Fig. 1c) was activated by soaking 20 g lissnin excess of 80 mL HN®.01M for 2 h, followed by
washing thoroughly with deionized water and thardaied. The resulting pale brown powder could tmeesi for a
long time.

The dry powder was treated with 25 mL Pb(ll) or IQu{0 mg/L, shaked for 1.5 h with 100 rpm and theas
filtered. To determine the total amount of Pb(I)@u(ll) left in the solution, these pale yellovitriated (pH about

6) were analyzed by AAS (VARIAN SPECTRAA240) at 20°Aand 324.8 nm, respectively. There were several
parameters to be treated to get the optimal adsarpt heavy metal ions with biomass.

The amount of adsorbed metal ions per gram of ibendss (biosorption capacity, Q) was obtained usirey
following equation:

Q _ (Co;:e)V (1)

Where Co and Ce were initial and equilibrium médals concentration in solutions (mg/L), respectval was
volume of the solution (L); m was the amount ofrbass (g).

RESULTS AND DISCUSSION

Effect of initial pH :

Figure 2 showed the maximum adsorption of Pb(llperls was 0.9691 mg/g at pH 5. The optimal uptdkeu(ll)
for this biosorbents at pH 4 was 0.5529 mg/g. This,affinity of cationic species towards the fumeal groups
present in that biosorbents was strongly dependerthe pH. Metal ions undergo hydrolysis as theiptieases
(pH > 5), so that several hydroxyl low soluble specould be formed, Pb(OHdr Cu(OH). Adsorption was also
not appropriate when pH < 3 [2].

Castroet al.[3] investigated the biosorption of Pb(ll) with tzara peel also got the optimal pH for biosorptiorbas
Nawazet al.[4] reported that the maximum pH by red rose wasgas 5 for Pb(Il). Naidwet al.[5] who studied
adsorption kinetic and thermodynamic of Pb(ll) Tgctona grandis L.F found the optimum pH of Pb(ll) was 5.
Kurniawanet al.[6] usedAnnona muricata L. seeds for biosorption of Pb(ll) and Cu(ll) prated the maximum pH
3 and 4, respectively. Singl al.[7] claimed that the optimum pH of Cu(ll) was 4.gAin et al.[8] investigated
about biosorption of heavy metal by modified oaldast found the optimum pH of Cu(ll) was 4. Nggthal.[9]
reported the optimum pH of Cu(ll) was 4.

Effect of Contact time:

The biosorption capacity of metal ions was evaldiae a function of contact time. The initial corication of

metals was 10 mg/L. The metal uptake was rapidfutl) at the beginning of the process and gragtiatireased
as time progressed to attain equilibrium after 90, then decreased. For Cu(ll) the amount of mepahke was
increased slightly, till 90 min, and then decrea@&d. 3). The metal uptake capacity of biomasstamg/L metal
solution was different for two metals. The highetal uptake obtained for Pb(Il) and Cu(ll) on gegére 0.9691
and 0.5529 mg/g, respectively of dried biomass.sThight be due to the ionic radii and favorablessifor

biosorption of those two ions were different (was shown).

Naidu et al.[5] usedTectona grandis L.F for biosorption of Pb(ll) found the optimumrtact time was 75 min.
Moreover, Farhamt al.[10] usedFicus carcia leaves for biosorption of Pb(ll), the maximum amittime was 80
min. Uluozluet al.[11] reported that the optimum contact time of Bbflas 90 min. Yangt al.[12] who studied
adsorption of Pb(ll) from solution using peanutlsas biosorbent, the optimum contact time for Bhflas reached
within 100 min. Singtet al.[7] usedSpirogyra sp. for biosorption of Cu(ll) obtained the optimwontact time for
Cu(ll) was 120 min. Sethet al.[13] also represented the optimum contact time wliCwas 120 min. Slaimast
al.[14] investigated biosorption of heavy metals itnysbamboo reported that the optimum contact tim€uwfil)
was 120 min. Njoket al.[15] showed that the optimum contact time for Cugtas 120 min.
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Adsorption Kinetics:

In order to test the experimental data of theseksydkinetic models have to be used. The kinetigdistl of Pb(Il)
and Cu(ll) adsorption were carried out by analytiease data that formerly were used to determinémon
condition of contact time. In order to distinguisie kinetics equation based on the concentratiansaflution from
the adsorption capacity of solids, this second-ooddirst-order rate equation has been called pseaido second-
order or first-order ones.

For pseudo first-order rate, samples were takepreset time intervals up to 75 min for Pb(Il) and(lD,
respectively. The pseudo first-order rate:

d

L ky(Qe - 00 @

d

In this case the kinetic order was one with respet¢he number of available sites for the exchamgetion. The
linier first-order rate expression was generallgressed as:

—Ln (Qe — Qt) = k.t —Ln Qe 3)

Where Qe and Qt were the amount of Pb(Il) and CigHs adsorbed at equilibrium (mg/g) and at tinfein), k;
was the pseudo first-order rate constant (tin

For pseudo second-order rate, samples were takidn1@0 min for Pb(ll) and Cu(ll), respectively. &tpseudo
second-order rate:

d
2 = ky(Qe - Q1) (4)

It was assumed that the kinetic order was two vé#ipect to the number of available sites for treharge reaction.
The linear form of pseudo second-order can beenmritt

t 1 t

t__1 ®)

Qt kz.Qe? ' Qe

where k was the pseudo second-order rate constant (grmig?).

Usually, when the initial concentration of solutasMow, then the adsorption process obeys the pssecbnd-
order model. Conversely pseudo first-order modelédce applied to higher initial concentrations[16]

Elovich equation that was derived through the wafrkKeldowitsch was generally expressed as:
L = qexp(—pQY) (6)

o andf were constants during experiment. The constarsuld be regarded as initial rate sig§é= aas Qt=0.
Integration of equation 6 assuming the initial bdany condition Qt = 0 att = 0 gives:

Qt= %ln(l + apt) )

To simplify Elovich equation, Chien and Claytonwasgd thatif3it >> 1 and by applying the boundary conditions of
Q=0att=0and Qt=Qt at t =t, then equatiBhbecomes:

Qt = %ln(aﬁ) + %lnt (8)

Wherea was the initial adsorption rate (mg quin™), and was related to the extent of surface coverage and
activation energy for chemisorption (g/mg). Thesastants could be obtained from the intercept hedstope of a
straight line plot of In t against Qt[17-20].

Going deeply into the biosorption mechanism, masgarchers studied the application of the intragerdiffusion

model for their biosorption data. The overall rateadsorption could be described by the followihgee steps: (1)
film or surface diffusion where the sorbate is g@orted from the bulk solution to the external acef of sorbent,
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(2) intraparticle or pore diffusion, where sorbatelecules move into the interior of sorbent pags¢land (3)
adsorption on the interior sites of the sorbent[1].

The intraparticle diffusion of Weber and Morris gegts proportionality between the adsoption capanid the
square root of the time. The model's equation wasessed by:

Qt = Kt*® + Gy 9)

K (mg g* min®°) was the intraparticle diffusion parameter, apdr8g/g) was the thickness of the boundary layer at
stage (i).

The shape of the plots of Qt agairfstgave much information about the biosorption mecraniThese plots were
either presented by “one single line” or “multigires”. If the Weber—Morris plot of Qt versu¥’tgave a straight
line, then the adsorption process was controllechtrgparticle diffusion only. The intercept of seeplots reflects
also the boundary layer effect. Larger the inteticgpeater was the contribution of the surface tonpin the rate

controlling step.

We started with low initial metal ions concentratids could be seen from Fig. 4 and 5, the pseedo+sl order
kinetic models were more suitable than first-oriiérmodeling the adsorption of Pb(ll) and Cu(ll) Bymocarpus
longan peels(R of first-order was less than that of secondeorfdr both Pb(ll) and Cu(ll) ions). The rate c@mt
(ky) of Pb(ll) and Cu(ll) were 0.0403 and 0.0082 thifrig. 4). However, the rate constang)(&f Pb(ll) and Cu(ll)
were 0.2277 and 0.1944 g ritimg* (Fig. 5). Thus. the rate constants of Pb(ll) apon were greater than those
of Cu(ll). Both electronegativity and ionic radii Bb(ll) were greater than that of Cu(ll). Thereghtibe a stronger
chemical and affinity for Pb(ll) than for Cu(ll) dnosorbent.

Raju et al.[21] usedCarica papaya leaf powder for biosorption of Pb(Il) showed tipseudo-second order model
was better compared to the pseudo-first order. tehadl.[22] investigated the removal of Cu(ll) from watey
adsorption on papaya seed, also found the kinate fit the pseudo-second order.

Fig. 6 illustrated that the correlation coefficieftPb(ll) was better than that of Cu(ll) ions felovich equation,
with (3 for Pb(Il) and Cu(ll) were 7.8064 and 19.1571 mgkgspectively. Thig3 value reflected the activation
energy for chemisorption. Thus, Pb(Il) would beabted easier than Cu(ll) by peels. This in agre¢mith k; and
k> for Pb(ll) were greater than those of Cu(ll) fraseudo-first order and second. Adebayal.[20] who studied
isotherm, kinetic and thermodynamic of Pb(Il) &iyeblus asper found was 4.39 mg/g.

Fig. 7 indicated that both Pb(Il) and Cu(ll) Biimocarpus longan peels followed a two step intraparticle diffusion
process. The correlation coefficient of Pb(ll) e tfirst and second stage were better than th&ui) ions. The
second step was always faster than of the firsis&twere<, = 0.06275; K = 0.1149 (mg g min®) for Pb(ll) and
K, = 0.01248; K = 0.02529 (mg g min®?) for Cu(ll). Again intraparticle results were igraement with pseudo
order and Elovich equations, the rate of Pb(ll)oagdson on peels was greater than that of Cu(lherzget al.[23]
investigated sorption isotherm and kinetic modelofganiline on Cr-bentonite, found tavo step intraparticle
diffusion process. Gulipallet al.[24] used rice husk ash for Se(IV) biosorption aislo described a two step
intraparticle diffusion process.

Effect of Stirring Speed:

Biosorption studies were carried out in a shakegrtats.0 and 4.0 for Pb(ll) and Cu(ll) on peels pexgively. The
stiring speed was varied from 30 to 250 rpm. Fig8rellustrated the influence of the stirring speed the
biosorption, showed that the optimum values weriobd at 200 rpm for Pb(ll) and 100 rpm for Cu(B}irring

are required since a thin liquid film surroundirg tbiomass particles offered resistance to the meaagsorb the
ion by diffusion. However, the higher stirring sgeaight cause complex between ion and biomass uydared.

Naidu et al.[5] usedTectona grandis L.F for biosorption of Pb(ll) found the maximumrghg speed was 180 rpm.
Stojanovicet al.[23] investigated biosorptive removal of Pb(ll), @dand Zn(ll) ions from water by.agenaria
vulgaris shell got the optimal of stirring speed for Pb{ifs 200 rpm. Kurniawaet al.[6] studiedAnnona muricata
L. seeds for biosorption of Pb(ll) and Cu(ll), dithd the optimum stirring speed were 150 and 10f,rp
respectively.

Effect of Initial lon Concentration:

Figure 9 showed the heavy metal ion biosorptioracajes ofDimocarpus longan peels as a function of the initial
concentration of Pb(Il) and Cu(ll) ion within thqueeous solution. The amount of metal ions adsopeedinit mass
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of peels increased with an increased in initialahi&tn concentrations for Pb(Il) and Cu(ll), anérnhdecreased for
Cu(ll). This increased could be due to the incrdaselectrostatic interactions (related to covalateractions).

Adsorption Isotherm:

An adsorption isotherm described the relationskitween the amount of adsorbate uptaken by the laeisband
the adsorbate concentration remaining in solutibims isotherm was derived from equilibrium constaftthe
interaction of adsorbate with adsorbent. In thespnt study, the equilibrium data for Pb(ll) andI@wadsorption
on Dimocarpus longan peels were evaluated by the Langmuir, Freundliogfear, Dubinin-Radushkevich (D-R) and
Temkin models.

The most commonly used isotherms for the applicabp adsorbents in wastewater treatment were tdenélich
and Langmuir isotherms. The Langmuir isotherm waseld on assumptions that maximum adsorption camelsp
to a saturated monolayer of adsorbate moleculb®adsorbent surface, the energy of adsorptiortaoinand there
was no transmigration of adsorbate in the planth@turface. The Langmuir model was described dydhowing
equation[16]:

_ Kp.om.ce

Qe = Kuomce (10)

1+Ky.Ce
A linier expression for the Langmuir isotherm coble written as:

Ce _ 1 Ce

Qe Qm.Kj, Q_‘m

(11)

Where Qm was the maximum metal uptake corresponttinpe saturation capacity (mg/g), Kvas energy of
adsorption (L/mg), Qe was the amount of metal du=ibron the biomass (mg/g) and Ce was equilibriurtaime
concentration in solution (mg/L). In contrast, fheeundlich isotherm could be used for non-ideabguton that
involves heterogeneous. The general Freundlichtegueaas given as:

Qe = K;.Ce'/n (12)
The linear form of this model was:

Ln Qe =Ln Ky + (+).LnCe (13)

Where K was Freundlich constant (as a measure of the eegrstrength of adsorption},was the heterogeneity

factor and n indicated the sorption capacity amdsbrption intensity of system. The value of n ebkerved from
Freundlich isotherm indicated that sorption wasofable, heterogeneous and chemisorption. When n = 1
Freundlich isotherm was claimed to linear adsorptisotherm. As the Freundlich isotherm equation was
exponential, it could only be reasonable appliedhi& low to intermediate concentration ranges. bawig and
Freundlich models could be applied at a constaf2@a7].

Linear isotherm was the simplest used adsorptiothésm equation. Linear isotherm equation was cotiweally
expressed in terms of the distribution coefficiéh{in L/g):

Qe =K.Ce (14)

The more general isotherm was D-R since it didasstume a homogenous surface or constant sorptientiad.
The approach was usually applied to distinguishptinsical and chemical adsorption of metal ione T®otherm of
D-R was determined from following equation:

InQe = Ln Qp, — B€? (15)

Where B was denoted as the isotherm constant?(#)] Q, was the theoritical saturation capacity (mg/g).
Meanwhile, the parametermwas the polanyi potential which was calculated as:

£=RT In (1 +é) (16)

Where R was the gas constant (8.314 J'#d) and T was the absolute temperature (K).
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The mean free energy E per molecule of adsorbatadmoving a molecule from its location in the@n space
to the infinity, in J/mol) could be computed by teéationship:

1
=57 a7

A sorption process was generally considered asigdlyi§ E < 8 kJ/mol and as chemical when E vaies between
8 and 16 kJ/mol[27].

Temkin isotherm contains a factor that explicithking into the account of adsorbent—adsorbatedotiemns. By
ignoring the extremely low and large value of concations, the model assumes that heat of adsarfftioction of
temperature) of all molecules in the layer woulctrdase linearly rather than logarithmic with cogeralts
derivation was characterized by a uniform distitnutof binding energies (up to some maximum bigdémergy),
which was expressed in the following equation:

Qe = (%) Ln Ce + (%) Ln K; (18)

Where K was the constant of Temkin isotherm f)@nd i was the Temkin isotherm constant related to tt& he
of adsorption (kJ md)[28].

Fig. 10 described the linearized Langmuir isothadsorption of Cu(ll) on peels. Based on the sldpeig 10, the
theoretical values of Qm for Cu(ll) ion was 9.3988/g. However, that experimental value was 8.21@&gniFig.

9). The linearized Freundlich isotherm adsorpticaswshown in Fig. 11. The n value in Freundlich éignawas
found to be 1.4035, then adsorption were favordimégrogeneous and chemisorption. Compared toattelation
coefficient of Fig. 10 and 11, Freundlich was befiethan Langmuir model for Cu(I)Kurniawanet al.[6] used
Annona muricata L. seeds for biosorption of Pb(Il) and Cu(ll) didd the Freundlich model was more favorable
than Langmuir. Gonzaleat al.[29] who studied biosorption of Pb(ll) lAgave tuquilana W. biomass also indicated
that the Freundlich fit better than Langmuir modedcording to Awwackt al.[26] used olive leaves, the n value
Freundlich equation was 1.45. Wtial.[30] used activated anaerobic sludge for biosornp@u(ll) showed thah
valuein Freundlich equation was 1.43.

Adsorption of Pb(Il) ion on peels obeyed the linadsorption isotherm (Fig. 12), with K was 0.4508.LThis plot
did not pass the origin, indicated that more tha@a step adsorption process would occur. This maxfedsisorption
of Pb(ll) and Cu(ll) on peels were not the sameceaithese ions were adsorbed at different sites washown).

Figure 13 showed the linearized D-R isotherm fo(lF@adsorption on peels. In these plot @as in mol/g and Ce
(mol/L). The values of E andgQcomputed from the slope and the intercept of graph were 8279.5165 J/mol
(8,2795 kJ/mol) and 5.9337xt0mol/g (37.68 mg/g), respectively. Thus, Elovichedndlich and D-R equations
predicted that Cu(ll) was chemically absorbed bglpePrasadt al.[31] used potato peels for Fe(lll) adsorption
showed that E = 10.78 kJ/mol ang © 3.48x10° mol/g. Hasanyt al.[32] investigated the adsorption of Cd(ll) on
coconut husk found E = 8.5 kJ/mol ang © 3.51x10° mol/g. Wuet al.[30], studied biosorption of Cu(ll) on
aerobic sludge informed that E = 8.01 kJ/mol apc=Q.2x10° mol/g.

Figure 14 illustrated the linearized Temkin equatior Cu(ll) on peels, with R = 0.8784. The caltethisotherm
constant k = 0.2607 L/mg, and¢b= 1.5716 kJ/mol. This positive value of bharacteristic of an endothermic
interaction between sorbate and sorbent. Tichaginal.[33] who studied biosorption of Cu(ll) byigna
subterranea found Ky = 0.18 L/mg, and-$= 0.30 kJ/mol.

Effect of biomass dosage:

Fig. 15 showed the heavy metal ion biosorption cdigs of Dimocarpus longan peels as a function of the biomass
dosage of Pb(Il) and Cu(ll) ion within the aquesohition. The biosorption capacity (Q) decreasethaslosage of
biomass increased.
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Figure 1.(a) Dimocarpuslongan (b) Dimocarpuslongan peels (c) dry powder oDimocarpus longan peels
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Figure 2. Effect of initial pH on Pb(ll) and Cu(ll) biosorption by Dimocarpuslongan peels; 25 mL metal solution, concentration = 10
mg/L; mass of biosorbent = 0.25 g; contact time =09min; stirring speed = 100 rpm; biosorbent size £80um
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Figure 3. Effect of contact time on Pb(ll) and Cu(l) biosorption by Dimocarpus longan peels; 25 mL metal solution, concentration = 10
mg/L; pH of Pb(ll) and Cu(ll) on peels = 5.0 and 40; mass of biosorbent = 0.25 g; stirring speed = @Gpm; biosorbent size = 18qum
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Figure 4. Pseudo-first order kinetic model for Pb(l) and Cu(ll). Data were taken from Figure 3
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Figure 5. Pseudo-second order kinetic model for PB} and Cu(ll). Data were taken from Figure 3
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Figure 6. Elovich equation for Pb(ll) and Cu(ll). Data were taken from Figure 3
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Figure 7. Intraparticle diffusion equation for Pb(l1) and Cu(ll). Data were taken from Figure 3
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Figure 8. Effect of stirring speed on Pb(ll) and Cu(ll) biosorption by Dimocarpuslongan peels; 25 mL metal solution, concentration = 10
mg/L; pH of Pb(ll) and Cu(ll) on peels = 5.0 and 40; mass of biosorbent = 0.25 g; contact time = 90imfor both ions; biosorbent size =
180um
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—8—Ph(Il) on Peel
—A—Cu(ll) on Peel

0 50 100 150 200 250 300 350
Concentration (mg/L)

Figure 9. Effect of initial metal ion concentrationon Pb(Il) and Cu(ll) biosorption by Dimocarpuslongan peels; 25 mL metal solution,
concentration = 10 mg/L; pH of Pb(Il) and Cu(ll) on peels = 5.0 and 4.0; mass of biosorbent = 0.25cgntact time = 90 min for both
ions; stirring speed = 200 and 100 rpm for Pb(ll) ad Cu(ll) on peels; biosorbent size = 18m
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Fig. 10. Linearized Langmuir equation for Cu(ll)
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Fig. 14. Linearized Temkin equation for Cu(ll)
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Figure 15. Effect of Biomass Dosage on Pb(ll) andu@ll) biosorption by Dimocarpuslongan peels; 25 mL metal solution, concentration =
150 mg/L for Pb(Il) and 200 mg/L for Cu(ll); pH of Pb(Il) and Cu(ll) on peels = 5.0 and 4.0; mass ofikssorbent = 0.25 g; contact time =
90 min for both ions; stirring speed = 200 and 106pm for Pb(ll) and Cu(ll) on peels; biosorbent size= 180um

CONCLUSION

The batch studies were performed to determine piienam sorption conditions of Pb(ll) and Cu(ll) ®on peels
of Dimocarpus longan for Pb(Il) was pH = 5, contact time = 90 min atidrig speed = 200 rpm. While for Cu(ll)
was pH = 4, contact time = 90 min and stirring sed 00 rpm.

The equilibrium data generated by varying the otnteme of these ions with peels (under optimumditbons)

were found to fit the pseudo first-order, pseudoose-order, Elovich and Intraparticle diffusion atjans. Based
on the correlation of determination (R), these kihmodels were able to describe the equilibriuada the order :
2" > 15> Intraparticle > Elovich. It was predicted thaese ions were chemically adsorbed with the ratstent
for Pb(ll) greater than that for Cu(ll). It mighelalue to the electronegativity and ionic radii 6{IB > Cu(ll) and

they were adsorbed at slightly different sites. theo result was no competitive biosorption to benfd in their
binary solutions (absorbed at different sites).

Analyzed equilibrium data generated by varyingiahiconcentrations of Cu(ll) under optimum condiowere
found to fit the Langmuir, Freundlich, D-R and Temkdsorption isotherms with R of D-RFreundlich > Temkin
> Langmuir. Both Freundlich and D-R models predidieat Cu(ll) was chemically absorbed on peelsaddition,
Temkin result indicated that chemisorption was d¢inelonic. However, Pb(ll) on peels could be modebydinear
adsorption isotherm.
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